Purpose Cervical unilateral facet dislocation (UFD) in the younger children (0-10 years old) has rarely been reported in the literature and most surgeons have no experience for this kind of injury. Here, we reported a rare case of cervical UFD in a 22-month-old girl. Methods Clinical and radiological findings of this patient were described. Because closed reduction failed, operative reduction and fixation was performed using titanium miniplates. We also reviewed the related literature. Results There was a significant improvement in neurological function during the follow-up period, and no complications developed. To our knowledge, the only similar case reported in the literature was a 9-year-old boy, who was successfully treated by closed reduction and immobilized with a rigid cervical collar. Conclusions Cervical UFD in young children is definitely a great challenge, and each patient requires individual treatment. Closed reduction along with rigid immobilization is the first choice at the early stage, and operative treatment is indicated for cases that involved neurological deterioration, demonstrated recurrence,significant instability and failed closed reduction. However, long-term results and complications of surgical treatment in the pediatric population are worrisome.
Introduction
Spine trauma in pediatric population is relatively uncommon, accounting for about 1-2 % of pediatric trauma cases. Of these injuries, 60-80 % involve the cervical spine, and there is a obvious trend in injury location with respect to age. The younger age group, aged 0-10 years, is characterized by an immature spine that has increased physiological mobility. In this population, most cervical injuries involve the upper cervical spine. The older group, aged more than 10 years, is characterized by a more mature spine with anatomy more closely resembling that of an adult. This group is mostly injured in the lower cervical spine, with typical compression fractures, lateral mass fractures, spinous process fractures, and facet dislocation [1, 3, 6] .
Cervical facet dislocation in the younger children (0-10 years old) has rarely been reported in the literature, and most spine surgeons have no experience for the treatment of this kind of injury. This article describes here a 22-month-old girl who suffered a cervical unilateral facet dislocation (UFD) with serious neurological deficits in a traffic accident. She was finally treated by operative reduction and fixation via posterior approach after failed closed reduction. To our knowledge, this patient with cervical UFD is the youngest in the literature.
Case report
The young girl was restrained in a baby seat on the back of the car, when the traffic accident happened on a highway. First, she was brought to the local hospital, and awaked up after short coma. Physical examination found only the left upper limb could move and the muscle strength graded 2 in manual muscle test (MMT). Primary X-ray examination showed a C5-6 vertebral subluxation (Fig. 1 ), but the cervical alignment seemed no abnormality on the CT scan and sagittal image, which was performed after a manual reduction. The girl was then immobilized with a philadelphia collar.
One month later, this girl was transferred to our hospital. No neurological improvement was found on physical examination, and the X-ray showed C5-6 vertebral subluxation again (Fig. 2a) . The more information provided by MR examination was that the morphology and signal of the C5-6 intervertebral disc seemed normal, and the highintensity signal of the superior end-plate of C6 vertebra suggested the occurrence of physeal injury (Fig. 2b) .
For the treatment, we tried to perform closed reduction again under general anesthesia. Somatosensory-evoked potential (SEP) and motor-evoked potential (MEP) monitoring was used during the closed reduction. Direct slow, steady in-line traction, along with slight flexion was manually performed, while rotating the head. However, the warning signal change was always evoked on electrophysiology monitoring when traction was performed beyond a critical position. Therefore, closed reduction had to be given up to avoid over-traction and further spinal cord injury. The cervical spine was then exposed via posterior approach, and a locking of right C5-6 facet joint was identified (Fig. 2c) . Reduction was obtained by poking the dislocated joints using a mircodissector, but the position could not be maintained without compression and fixation. Therefore, we chose titanium miniplates (Synthes, Switzerland) to perform bilateral mass fixation and fusion. There were no evident changes in SEP and MEP monitoring during the operation. The postoperative X-ray showed complete reduction (Fig. 2d) . A plastic vest was employed for external immobilization after operation.
Hyperbaric oxygen treatment was performed for 2 months after operation. There was a significant improvement in neurological function during the follow-up period. The four limbs could move actively, and the muscle strength improved to grade 3-4 in MMT at 3-month follow-up. The girl could stand up and walk by herself after half a year, and no complications developed during 1-year follow-up.
Discussion
UFD is relatively common in adults and represents around 6 % of all cervical spine injuries [9] . Mechanism of this injury is a flexion-rotation force applied to the cervical spine, and it also may be associated with partial or total disruption of the interspinous ligament, capsular ligament, posterior longitudinal ligament, and the annulus and disc. The child was restrained by a baby seat in the car, and fixation of the body made the cervical spine prone to such injury.
UFD is insidious and overlooked in some cases without enough radiological examinations. Computerized tomography (CT) scan and three-dimensional reconstruction is the most important for diagnosis, and it was pitfall that our patient did not undergo this examination before operation. However, we could see two C6 vertebrae and two C5/6 facet joints on lateral X-ray, which meant a rotation of the involved segment. To our experiences, it was usually a feature finding of UFD, and the diagnosis was finally identified during the operation [11] .
When treating UFD in adult patients, most spine surgeons will suggest operation such as anterior cervical discectomy and fusion, to avoid delayed instability and prolonged halo immobilization [2, 7] . However, no enough successful experiences have been reported on the treatment of UFD in young children (0-10 years old). Given immature skeletal musculature system and great growth potential in this age group, closed reduction is the first choice. One typical case, a 9-year-old boy, who received successful closed reduction and immobilized with a rigid cervical collar, was reported by Parada et al. [10] .
Our patient was much younger with serious neurological deficits. Although it has been 1 month after primary injury, we still expected to perform closed reduction to avoid operation in such young child. Halo immobilization is one choice if closed reduction succeeds. However, it failed again. Delayed treatment seemed to be responsible for the failure, and scar around the dislocated joint possibly made closed reduction difficult and dangerous.
Before performing operation, two questions were considered for such a young patient. First, we did not choose anterior approach like what we often did for adult patients, Fig. 1 The primary X-ray showed a C5-6 vertebral subluxation at local hospital
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because it would be easier to perform direct reduction via posterior approach. Additionally, preoperative MR images demonstrated the anterior injury occurred via the inferior vertebral physis without obvious disruption of the disc. Such a Salter-Harris type I injury to the physis could result in successful bony healing without instability [8] . Second, there were no suitable fixation devices after open reduction. Halo immobilization and wiring fixation have usually been reported to be used in younger children, but we were not sure they could provide enough stability for such unstable injury. Therefore, we chose to use titanium miniplates which were used in laminoplasty procedure for adult patients. The devices seemed more rigid for posterior lateral mass fixation in this age group [4, 5] . The primary result of 1-year follow-up indicated the management was successful, but the long-term result and complications of surgical treatment in the pediatric population are worrisome. Adjacent segment degeneration may become accelerated, the instrumentation may result in failure along with children's growth, and also the patient may end up with cervical kyphosis from the posterior muscular dissection.
Conclusion
Unilateral facet dislocation in young children is definitely a great challenge, and each patient requires individual treatment. Closed reduction along with rigid immobilization is the first choice at the early stage, and operative treatment is indicated for cases those involves neurological deterioration, demonstrated recurrence,significant instability and failed closed reduction. However, long-term results and complications of surgical treatment of this injury in the pediatric population are worried.
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